INTRODUCTION
production of concrete mixes, comprising the use of NA and/or RA. In this way, methods are used as a starting point. The basis of this methodology is to attached one is added to the one already calculated in the design. 8 The four different concrete mixes are classified into two categories in 9 accordance with their main characteristics, as described in the European
Description of the concrete mixes

10
Standard for concrete EN 206-1 [31] . The aim of this is to make a proper 11 comparison between equivalent materials, which fulfil an equal set of 12 parameters in terms of resistance, workability, and durability. The categories The mixes of the first category correspond to ACI and EMV concretes, both 24 taking into account the available recommendations for RAC design. In these mixes, 100% and 65% of the coarse NA, respectively, were replaced by RA (in 1 terms of the total coarse aggregate weight), thus closely following the novel 2 method mix proportions of the original research [19] that was under analysis. 3 The mix design of the second category corresponds to BOLCON and BOLEMV 4 concretes. The first of these was fully made with NA and the second used a 5 20% replacement of NA by RA (in terms of the total coarse aggregate weight). 6 The 20% replacement was chosen by considering the actual recommendations 7 for the RAC design [34, 35] . 8 The materials used for the elaboration of the concrete mixes were cement polycarboxylates, and air entraining admixture (AE; Micro-Air 100). The RA was 12 produced entirely by recycling concrete material and was classified according to 13 the EN 933-11 standard [37] .The results of these concrete characteristics come 14 from an extensive experimental campaign [25] . Their composition and main 15 results are detailed in Table 1 water/cement ratio (w/c), minimum cement content, and minimum air content.
5
The only recommendation is that the strength class of the concrete should be 6 higher than 12 N/mm 2 (in terms of the cylindrical 150 × 300 mm specimen).
7
In the case of the durability properties, the Spanish Code for Structural • to establish the best options among these concretes, in terms of 10 their environmental impacts;
11
• to determine whether the Equivalent Mortar Volume method 12 provides environmental benefits to the studied concretes while 13 achieving performances equal to those of its counterparts;
14
• to evaluate the environmental effects of using different types of 15 binders in the production of these concretes.
16
The procedure used to assess the environmental impacts of the studied different results could appear depending on the selected application. Moreover, as the studied concretes have the same set of properties
9
(experimentally assessed), they are assumed to achieve equal 10 performances, so no differences will appear during their lifespans. The materials used for the production of concrete come from local 
Data sources
15
The compiled data were acquired mainly from the Ecoinvent v3.01 
Allocation
21
An unavoidable allocation problem appears due to the concrete recycling This is due to the fact that both the fine and coarse recycled fractions 5 have similar fractions and prices on the local market, and so a physical 6 property relation seems appropriate. It is worth reminding that the 7 concretes of this investigation have been designed using only the coarse 8 fraction. 
Impact assessment
10
The analysis was done using CML methodology. The selected mid-point 11 impact categories of this study were Abiotic Depletion (ADP; kg Sb eq.),
12
Abiotic Depletion of fossil fuels (ADP fossil fuels; MJ), Global Warming attached to the RA as part of the total needed by the design. technologies used for their production. The results from the characterization phase of the LCA are presented in 7 
18
In summary, the materials stage alone is accountable for at least 67% of 
C40-S3-D max 20-X0
Just like in the previous case, as shown in Figure 3 , the majority of the The amount of admixtures was increased more than 1.5-fold (in terms of The difference between the concretes' single units is not as high as in the 5 previous case, due to the mix proportions only.
6
The materials stage is again the main contributor to the total emissions, 7 accounting for at least 75% and as high as 97% of the total emissions in 8 each category for both concrete mixes. 
16
of the analysis are given in Table 4 . In all of the studied concrete systems, the materials stage represents the 4 major contribution to emissions, reaching at least 67% in every impact category 5 and over 96% in the Global Warming Potential (GWP) category.
17
6
According to the results, the Equivalent Mortar Volume method 7 accomplishes better environmental performance than the conventional methods 8 for designing recycled aggregates concrete and natural aggregates concrete.
9
Although this is achieved by adding higher quantities of admixtures to the mix,
10
their emissions contribution is small, and thus results in an appropriate solution.
11
The results of the sensitivity analysis indicate that the use of cements with 12 additions of fly ash and slag improves the concretes' environmental 13 performances with regard to the GWP impact category by reducing their CO 2 
14
emissions by around 17 and 27% respectively, when compared to concretes 15 using Portland cement type I. However, it must be taken into account that the 16 same short-and long-term behaviours must be ensured for the different 17 mixtures compared.
18
As an overall conclusion, it can be said that the actual initiatives toward the 
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